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Simple Summary: Livestock activity plays a crucial role in the Amazon region of Ecuador. However,
the rapid expansion of extensive pastures has led to serious problems in the environment. Grasses,
such as Panicum maximum, are widely used by producers in Orellana Province, but poor management
practices have resulted in inefficient production systems, as evidenced by decreased yield. Our
study demonstrates that in silvopastoral systems, resources are used very efficiently, and growing
conditions are improved, leading to greater productive responses. Furthermore, we observed that
guinea grass responded well in silvopastoral systems. Therefore, these plants should be managed
through well-planned grazing to achieve a high yield and better chemical composition.
Abstract: Climate change has increased the interannual and seasonal variation in the average
temperature and precipitation rate, which determine forage availability globally. Similar patterns of
change have occurred in tropical regions, and Ecuador is no exception. This region includes other
influencing factors, such as the conversion of tropical forests to extensive pastures. Therefore, this
study was carried out to evaluate guinea grass (Panicum maximum) cultivated under silvopastoral
systems with different management strategies in both of the seasons of the study region in Ecuador
(rainy season and dry season). A randomized complete block design was used for the experiment,
with three repetitions and three treatments. Agronomic measures, forage production, chemical
composition, animal responses, and soil properties were evaluated. Data were analyzed with the
Mixed model of SAS. Differences in all evaluated parameters were observed between treatments,
and silvopastoral systems (SPSs) produced better results than conventional grass monoculture.
Furthermore, there was a strong seasonal effect on forage production, chemical composition, and soil
properties. Therefore, management of Panicum maximum with well-planned grazing can enhance
animal responses and help to retain natural resources, lowering the pressure on forests.
Keywords: tropical climate; silvopastoral systems; Panicum maximum
1. Introduction
The conversion of a tropical forest to extensive pastures for cattle grazing is one of
the primary causes of deforestation, land degradation, greenhouse gas emissions (GHGs),
depletion of carbon (C) stocks, and a reduction in biodiversity [1–3]. This global process
generates an increase in the interannual and seasonal variation of factors that determine
the forage availability, and as a consequence, animal productivity is reduced [4,5].
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The sustainability of production systems depends on the development of techniques
that increase production without necessarily resulting in an increase in the area used for
pasture [6]. However, most grasslands are in tropical developing countries, where they are
particularly important for the livelihoods of around 1 billion poor people [7].
The Ecuadorian Amazon is one of the most biodiverse areas in the world and has been
referred to as “the most important source of fresh water and biodiversity” for its global
climate regulatory function as a greenhouse gas sink [8–10].
Farmers in the Northern Ecuadorian Amazon (NEA) use land in a variety of ways,
including forest, pasture, annual and perennial crops, and fallow land (which generally
regrows into secondary forest). Deforestation is pervasive throughout the NEA and has
largely been the result of smallholder farm expansion [11–13]. According to [10], the effect
of colonization on the Ecuadorian Amazon has included the interference and use of forests
for timber resources and the establishment of pastures and small orchards. Therefore,
livestock has turned soils into degraded lands that are dependent on mechanization
and agrochemicals.
Orellana Province has two well-defined seasons: a rainy season (>2942 mm, from
February to August) and a dry season (<1000 mm, from September to January). As reported
by previous authors [14,15], the predominant income-generating activities for producers in
the Amazon region are concentrated in agriculture (56.5%) and livestock (10%), and 30% of
the production is under a mixed production system (agriculture–livestock). However, these
activities employ intensive systems that involve substantial amounts of natural resources
and labor, but they have very low productivity and rentability.
According to [16], the adaptation of production systems and the mitigation of green-
house gas emissions are key challenges resulting from the effects of global climate changes
on agriculture. Therefore, the adoption of intensification strategies for livestock production
in tropical grassland areas depends on farmers’ knowledge of soil, water resources, plant
and animal management, and the beef market [7].
Consequently, because of the dependence on livestock activity, it is necessary to
generate production models that are more sustainable. The use of silvopastoral systems can
provide several benefits, such as diversification of production [17], recovery of degraded
areas [18], and improvement of animal welfare [19]. Therefore, all these advantages must
help to increase the synergies between all biotic components (soil–tree–forage) [1,10,20].
Panicum maximum constitutes the most commonly used grass species in tropical areas
of Ecuador. This guinea grass is characterized by its persistence in intensive management
conditions and high productivity, which are consequences of its photosynthetic and water
efficiency and high phenotypic plasticity [6,16,21,22].
The behavior of the forage component in silvopastoral systems has not been studied
in Orellana Province. Therefore, this work aimed to assess guinea grass (Panicum maximum)
grown under silvopastoral systems using different management strategies. Measures of
variables, such as forage production, chemical composition, soil properties, and animal
responses, were compared with those resulting from a conventional monoculture system
for livestock, which was used as a reference.
2. Materials and Methods
2.1. Study Area
Location: According to [15], Orellana Province covers a surface area of 21.730 km2
(18.6% of a total of 45.47% of the Amazon region). The climate in this region is characterized
by humid tropical rainforest conditions [23]. The average annual rainfall is 2942 mm with
an average annual temperature of 29.7 ◦C, and its altitude is 275 m above sea level. During
the experimental period in this study were recorded average rainfalls every year as follows:
rainy season at 1969 ± 81 mm with an average temperature of 26.48 ◦C, whereas in the dry
season was observed 945 ± 50 mm, whose temperature was 27.03 ◦C (Figure 1) [24].
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Figure 1. Month mean temperatures and rainfall from January 2017 through December 2019 in the experimental area in
Orellana Province.
The estimated population for 2018 was 157,520 [25]. The ethnic groups comprise
Native Amerindians (Kichwa, Shuar, and Waodani; 31%), mestizo (mixed descendants
of Spanish colonists and indigenous Amerindians; 57.5%), and a small Afro-Ecuadorian
population (4.9%) [15,26].
Livelihoods: According to the estimates of [27], agricultural land use in Orellana
Province accounts for a total surface area of 606,307 ha, distributed as follows: 80%
(485.039 ha) mountains and forests; 7.2% (43,582 ha) permanent crops; 4.6% (28,049 ha)
other uses; 4.2% (25,162 ha) cultivated pastures; 3.1% (19,034 ha) natural pastures; and
0.82% (4959 ha) transitory crop and fallow.
2.2. Description of Silvopastoral Systems
Silvopastoral systems are production structures that integrate forestry, pastures, and
livestock production in time and space [3,28,29]. These systems have well-documented
environmental benefits, such as increased input of organic matter and improved physical
and chemical properties of the land. The system that forms has more balanced and
stable nutrient cycling because of biological N2 fixation. Biodiversity is enhanced, and
water quality is improved. Furthermore, livestock is protected from heat stress [1,29,30].
Therefore, the silvopastoral system currently constitutes a very efficient land use because
of its multiple environmental, socioeconomic, and productivity advantages.
2.3. Experimental Design and Treatments
The guinea grass Panicum maximum cv. Mombaça was grown under silvopastoral
systems using different management strategies on a total surface area of 10 ha and divided
into paddocks of 1 ha. No lime, fertilizer, or herbicides were applied to the plants at any
time. The experiment followed a randomized complete block design with three repetitions
for each of the three treatments. We used an area of 1 ha for every treatment for a total
experimental area of 9 ha:
- Silvopastoral systems with guinea grass (Panicum maximum cv. Mombaça) surrounded
by a fixed fence (SPS1);
- Silvopastoral systems with guinea grass (Panicum maximum cv. Mombaça) surrounded
by a mobile fence (SPS2);
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- Conventional system with guinea grass (Panicum maximum cv. Mombaça) as a mono-
culture (without trees) surrounded by wire fences (Control).
SPS1 was divided into three paddocks of 3333 m2 using permanent electrical wires.
SPS2 was divided into four paddocks of 2500 m2 by mobile electrical wires. By contrast,
the Control treatment was not divided to simulate a conventional system with guinea grass
as a monoculture (Figure 2).
Figure 2. Scheme of experimental design of guinea grass Panicum maximum under silvopastoral systems in combination
with different management systems.
Then, we established a rotational grazing system with three days of occupation in
each treatment. Furthermore, during the rainy season (February to August; HP), a grazing
frequency of one every 35 days was adopted, while in the dry season (September to January;
LP), we allowed 45 days between grazing.
To study the production performance, 90 steers of the mestizo Brahman breed (Bos in-
dicus) with an average live weight (LW) of 275 ± 29 kg were used. Brahman is a breed of
cattle that is widely used in the tropical region of Ecuador. Subsequently, the animals were
divided into groups balanced for weight; 30 animals were assigned at random to each repe-
tition, and subdivisions of 10 animals were established for every treatment. Consequently,
in all treatments the animal rotations were according to weather conditions (rainy season
and dry season). Therefore, throughout the experimental period (2017 to 2019) in the rainy
season were applied six rotations every year. Meanwhile, in the dry season were applied
three rotations every year, giving a total of 30 animal rotations (2017 to 2019).
Before the experimental period, all animals were administered 1% doramectin in-
jectable solution (1 mL/50 kg BW) to protect them against ectoparasites, and they were
dewormed with levamisole injection (1 mL/10 kg BW) to guard them against internal
parasites. Water and a mineral mixture were provided ad libitum during the experiment.
All animal care was performed in accordance with the World Organization for Animal
Health 2016 (Animal Welfare) and the current Ecuadorian regulations in Organic Law on
Animal Health No. 56, published in the Official Gazette, Supplement 27, 3 July 2017. The
study was conducted from January 2017 to December 2019.
2.4. Measured Variables
2.4.1. Agronomic Measurements and Forage Production
We performed agronomic evaluations according to two seasons (HP and LP). Canopy
height was measured using a centimeter-graduated ruler at several random points per
area before each harvest. The tiller population density (%/m2) of Panicum maximum was
obtained by counting the number of tillers using three 1.00 × 0.25 m metallic frames.
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From each treatment were randomly chosen a total of 20 points according to rainy sea-
son or dry season, and by visual assessment were recorded the total of tillers to determine
the plant coverage.
Herbage mass was assessed through the double sampling technique described in [31]
every 35 d (HP) or 45 d (LP) from January 2017 to December 2019, giving a total of 30
evaluation periods. For direct measurements, we used six 0.25 m2 quadrats to collect
40 random samples in each treatment before every grazing throughout the experimental
period. Herbage was harvested at the ground level.
We also used a visual scale as an indirect measurement method: the scale ranges
from 1 to 3, where 1 is the lowest herbage mass and 3 is the highest [28,31]. Furthermore,
several subsamples of approximately 500 g were obtained and then dried in a forced-air
ventilation oven at 60 ◦C for 72 h to measure the dry weight and calculate the dry mass
(kg ha−1) [32–34].
2.4.2. Chemical Composition
Before every evaluation in each experimental period, samples of fresh grass were
collected in duplicate and frozen at −20 ◦C for the determination of chemical composition.
Prior to the analysis, the frozen fresh grass samples were conditioned at 60 ◦C for 24 h
and then ground and homogenized through a cyclone mill (Retsch SM2000, Retsch, Haan,
Germany) with a 1 mm mesh.
The chemical analysis was carried out in duplicate according to official reference
methods and expressed on a dry matter basis [35]. Dry matter (DM) was determined at
103 ◦C for 24 h, and ashes were burnt at 550 ◦C for 5 h. Crude protein (CP) was calculated
as a percentage of N × 6.25 by the Kjeldahl method. Crude fiber (CF) was determined
by the method of [36] using the Ankom200 Fiber Analyzer (Ankom Technology, Fairport,
Monroe, NY, USA).
2.4.3. Stocking Rate, Herbage Allowance, and Animal Responses
The LWs of the steers were recorded during the entire experimental period (according
to grazing frequency and in both seasons) using a balance with a capacity of 15,000 kg
and an accuracy of ±50 kg (BG-GANDO-01, BalanzasGalicia, Galicia, Spain), and the body
condition scores (BCSs) were determined according to [37]. Calculations for the described
animal pasture system were performed using the methodology of [38], where animal unit
(AU) is defined as one animal, 454 kg per cow, or its equivalent.
Using the data obtained from the forage production (dry matter (DM), kg ha−1)
and LW, we calculated the stocking rate and adjusted the AU in each repetition of every
treatment [39,40]. The herbage allowance was estimated on the basis of green herbage
mass and LW. We used an adjustment of 0.7 for grazing because the study zone has an
annual average precipitation of about >2000 mm [39]. Average daily gain (ADG) was
determined for the season by the post- and pre-weight difference divided by the number
of days (HP = 35 d or LP = 45 d). Finally, we calculated the gain per area (GPA = stocking
ratio × time interval (HP or LP)) [28].
Additionally, we created a forest inventory to register the predominant species and
number of trees in paddocks, and the spacing between trees and tree density (ha−1) were
determined.
2.4.4. Soil Macrofauna, Physical and Chemical Properties
Samples of soil were collected in duplicate in both seasons always at 0800 to 1000 h
throughout the experimental period (2017–2019) to determine the macroinvertebrate com-
position and physical and chemical properties in accordance with the Tropical Soil Biology
and Fertility Institute (TSBF) method [41]. One soil monolith (25 × 25 × 10 cm) was
obtained at every sampling point at 0–10 and 10–20 cm depths.
These samples were immediately transported to the biological science laboratory ENA-
ESPOCH in Ecuador and manually hand-sorted, during which the number of macroinver-
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tebrates per m2 was determined. Then, the weight was measured using a balance with a
capacity of 2000 g and a precision of ±0.5 (GRAM FC, BalanzasGalicia, Galicia, Spain) to
determine the biomass per m2 using the standardized ISO 23611-5 method [42].
Soil chemical properties were also determined. Total N content (TN) was measured by
Kjeldahl digestion and steam distillation. Macronutrients (Ca, Mg, K, Na) were extracted
with 1 N ammonium acetate and analyzed through elemental analysis by atomic absorption
spectrophotometry (Analyst 400, PerkinElmer, Wellesley, MA, USA). Micronutrients (Fe, Zn,
Cu, Mn, B) were extracted with an unbuffered potassium chloride solution and quantified
by the Mehlich I method and atomic absorption.
2.4.5. Statistical Analysis
Data were analyzed using Proc Mixed from SAS v. 9.4 (SAS Institute Inc., Cary, NC,
USA). Fixed effects included silvopastoral systems (SPS1, SPS2, and Control), season (HP
and LP), and their interactions. Block and residual error were considered random effects.
If a significant effect was observed for the silvopastoral system, an orthogonal polynomial
contrast analysis was performed to compare Control vs. SPS1, Control vs. SPS2, and SPS1
vs. SPS2. Means were separated using PDIFF from SAS adjusted by Dunnett’s test with
significance declared at p < 0.05 and a tendency assigned at p < 0.10.
3. Results
3.1. Agronomic Measurements and Forage Production
Table 1 shows the results of guinea grass (Panicum maximum cv. Mombaça) evaluated
in different silvopastoral systems.






SPS1 SPS2 Control HP 1 LP 2 Trat Season T × S 3
Plant coverage, % 70.2 69.5 63.1 69.11 66.37 2.6 0.104 0.372 0.534
Plant height, cm 116.5 102.0 91.2 106.1 99.7 10.0 0.115 0.523 0.977
Fresh mass, kg ha−1 14,493 15,146 11,231 15,490 11,757 2311 0.200 0.089 0.105
DM, kg ha−1 4946.9 5270.0 3893.0 5712 3694 1022 0.154 0.005 0.065
1HP = rainy season (35 d); and 2 LP = dry season (45 d). 3 Interaction Trat × Season. 4 SEM: standard error of the mean. Differences were
declared at p > 0.05 and statistical tendency at p < 0.10.
Differences in agronomic measurements between treatments were not significant.
However, the percentages of plant coverage were higher in SPS1 and SPS2 compared with
that in Control (average −10%), as shown in Table 1. Although the Control group had less
coverage than the other silvopastoral systems, we did not observe significant differences
based on the season or its interaction with plant coverage (p = 0.372). The plant height
(cm) of guinea grass (Panicum maximum cv. Mombaça) was not significantly affected by
treatment, season, or their interaction (T × S; p > 0.05). However, plant heights in the
Control group were lower than those in SPS1 and SPS2 in both evaluated seasons.
Consequently, when fresh mass production (kg ha−1) was analyzed, no significant
differences were found between treatments (p > 0.05), but it was lower in the Control
group in comparison with SPS1 and SPS2, which had similar fresh masses (14,493 and
15,146 kg ha−1, respectively), as shown in Table 1. However, there were statistical ten-
dencies that reflected seasonal effects (p = 0.089), with higher fresh mass values (kg ha−1)
in the dry season (from September to January) for all treatments, as shown in Figure 3.
Therefore, we observed differences (p < 0.05) in DM (kg ha−1) due to the varying seasons:
DM was higher in the LP season than in the HP season (5712 ± 1036 vs. 3694 ± 951 kg ha−1,
respectively). Moreover, a slight tendency was associated with the interaction between
treatment and season (T × S; Table 1).
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Figure 3. Total fresh mass of guinea grass Panicum maximum cv. Mombaça evaluated under silvopastoral systems and
different seasons at the year p = 0.089. HP (35 days) (A); LP (45 days) (B).
3.2. Chemical Composition
The results for chemical composition are shown in Table 2. No differences in ash, OM
(organic matter), CP, CF, EE, or NFE N-free extract (or nonfiber carbohydrate) (p > 0.05)
were detected between treatments. However, DM significantly differed between treatments
(p = 0.012; Table 2): the DM values of the Control were higher than those of SPS1 and SPS2
(37.36 ± 3.8% vs. 31 ± 3.8%). Seasonal effects produced statistical tendencies (p < 0.06), as
illustrated in Table 2: we observed higher values of DM in the HP season compared with
the LP season (from February to August) (35.55 ± 3.8% vs. 31.61 ± 3.8%, respectively).




Item SPS1 SPS2 Control HP LP Trat Season T × S 2
Dry matter at 60 ◦C, % 31.32 b 31.55 b 37.36 a 35.55 31.61 3.8 0.012 0.062 0.743
Composition, % DM
Ash 13.2 13.26 13.61 14.52 12.19 0.64 0.893 0.003 0.234
Organic matter 86.79 86.73 86.38 85.47 87.80 0.65 0.893 0.003 0.234
Crude protein (N × 6.25) 7.32 7.09 7.79 6.70 8.10 0.69 0.464 0.006 0.997
Crude fiber 34.93 34.92 35.13 35.39 34.60 1.35 0.977 0.392 0.244
EE 1.57 1.63 1.54 1.42 1.74 0.23 0.794 0.010 0.672
NFE 1 42.18 42.98 41.83 41.42 43.20 0.92 0.666 0.094 0.434
Differences were declared at p > 0.05 and statistical tendency at p < 0.10. Means followed by different letters on the line differ (p < 0.05).
According to Dunnett’s test. 1 NFE N-free extract (or nonfiber carbohydrate) = OM (organic matter) − CP (crude protein) − CF (crude
fiber). 2 Interaction Trat × Season. 3 SEM: standard error of the mean.
Our results show that for guinea grass (Panicum maximum) cultivated under different
silvopastoral systems, higher ash content was observed in the HP season compared with
the LP season regardless of treatment. Because ash content is closely related to organic
matter (OM) content, the OM values were also different (p < 0.003) between seasons, and
higher OM content was obtained in LP in all treatments. This high OM content might
have served as a source for bacterial growth and improved animal performance. Another
important element for ruminant nutrition is protein content. We did not detect statistically
significant differences between treatments (p > 0.05), but there was a statistical tendency
due to the seasonal effect (p = 0.006; Table 2), in which higher CP values were obtained
in the LP season in comparison with the HP season (8.1 ± 0.6% vs. 6.7 ± 0.6% of CP on
a DM basis). The T × S interaction did not lead to significant differences (p > 0.05). CF
values did not differ according to treatment, season, or their interaction (T × S), although
the Control had slight numerical differences compared with the other systems assessed
(SPS1 and SPS2).
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3.3. Stocking Rate, Herbage Allowance, and Animal Responses
Data analysis shows that the season had a strong influence on usable herbage mass
(cut/kg DM ha−1, Figure 4). We obtained higher values of usable herbage mass in LP
than in HP (2178 ± 852 vs. 821 ± 852 DM kg ha−1, respectively). Although there were
no statistically significant differences between treatments, the Control had lower herbage
production compared with the other systems (601 ± 1065 vs. 2021 ± 910 DM kg ha−1;
p = 183; Table 3). Therefore, the same dynamic follows for the total usable herbage/year in
the different systems studied. There were numerical differences between the Control and
the other treatments (Table 3), although they were not statistically significant (p > 0.05).
Figure 4. Total usable herbage of guinea grass Panicum maximum under silvopastoral systems evaluated according to the
season at the year p = 0.05. HP (A); LP (B).





SPS1 SPS2 Control HP LP Trat Season T × S 1
Total usable herbage, cut/kg DM ha−1 1876 2021 601 821 2178 910 0.183 0.057 0.366
Total usable herbage year, kg DM ha−1 15,262 16,633 4881 8997 15,520 7850 0.206 0.259 0.437
Forage demand, kg DM/year (in base 3% LW) 2512 a 2467 b 2274 c 2423 2412 0.24 0.001 0.001 0.001
Stocking rate, AU ha−1 0.73 0.82 0.30 0.35 0.88 0.37 0.264 0.065 0.343
Herbage allowance, kg DM kg LW−1 0.23 b 0.25 b 0.62 a 0.30 0.43 0.15 0.049 0.310 0.778
Average daily gain, kg AU−1 d−1 0.723 a 0.612 b 0.465 c 0.543 0.657 0.02 0.001 0.001 0.108
Gain per area, kg LW ha−1 28.44 a 24.82 a 4.60 b 5.23 33.34 9.60 0.037 0.002 0.148
Mcal/d, kg DM 2 1.31 c 1.32 b 1.50 a 1.44 1.35 0.16 0.008 0.205 0.814
Differences were declared at p > 0.05 and statistical tendency at p < 0.10. Means followed by different letters on the line differ (p < 0.05).
According to Dunnett’s test. 1 Interaction Trat × Season. 2 Calculated from [43]. 3 SEM: standard error of the mean.
We determined differences in forage demand on the basis of 3% LW of DM. Treatment,
season, and their interaction had statistically significant effects on forage demand (p < 0.05).
However, marked differences were observed in the Control group due to factors that are
described in more detail in the discussion. In general terms, the silvopastoral systems SPS1
and SPS2 needed fresher forage mass to meet nutritional requirements.
Statistical tendencies were found in the stocking rate (AU ha−1) due to seasonal effects
(0.88 ± 0.3 vs. 0.35 ± 0.3; p ≤ 0.065). Specifically, a higher stocking rate was observed in
the LP season because of greater herbage mass production (Table 3). However, the stocking
rates were similar when the different treatments were compared using orthogonal contrast
(p = 0.416). Although differences for the interaction (T × S) were not detected, SPS1 and
SPS2 were associated with a higher stocking rate compared with the Control (1.15 ± 0.4
and 1.22 ± 0.4 vs. 0.28 ± 0.4, respectively) in the LP season.
Herbage allowance was affected by treatment (Table 3) and was higher in the Con-
trol group than in SPS1 and SPS2 (p ≤ 0.04). In addition, herbage allowance varied
(0.30 ± 0.1 kg DM kg live weight−1 in HP; 0.43 ± 0.1 kg DM kg live weight−1 in LP).
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Notably, when we applied orthogonal contrast, we found differences (p < 0.03) between
the Control and the other treatments (p ≤ 0.029), whereas SPS1 and SPS2 were similar
(p = 0.899). Thus, the evaluation of the interaction of T × S treatments resulted in greater
herbage allowances in the LP season than in the HP season, but the differences were not
statistically significant (p > 0.778; Table 3).
Average daily gain (kg AU−1 d−1) varied among treatments (p < 0.001; Table 3). The
results obtained with SPS1 were better than those with SPS2 and the Control. Statistically
significant differences (p < 0.001) were found using orthogonal contrast for Control vs. SPS1
(p < 0.001) and SPS1 vs. SPS2 (p ≤ 0.020). Furthermore, the season affected the average daily
gain; in the HP season, an average of 0.543 ± 0.02 kg AU−1 d−1 was obtained, whereas the
corresponding value in the LP season was 0.658 ± 0.02 kg AU−1 d−1. In all treatments, a
better animal performance was observed in the LP season than in the HP season, although
the differences were not significant (T × S; p < 0.108, Table 3).
Gain per area (GPA) varied among treatments. The Control had lower values (4.60 LW ha−1)
compared with the SPS1 and SPS2 silvopastoral systems (28.44 ± 9.6 kg LW ha−1 and
24.82 ± 9.6 kg LW ha−1, Table 3). Analysis through orthogonal contrasts revealed differ-
ences between the Control and other treatments (p < 0.02). By contrast, there were no
statistically significant differences between SPS1 and SPS2 (p > 0.788). We observed that the
season had a strong influence on GPA (p < 0.02): higher values (kg LW ha−1) were observed
in the LP season compared with the HP season (33.34 ± 8.9 vs. 5.23 ± 8.9, respectively).
Furthermore, there were statistically significant differences due to treatment. Mcal values
in the Control were higher than those in the other silvopastoral systems (p = 0.008, Table 3).
However, the season × treatment interaction was not associated with differences in GPA.
In addition, tree densities (ha−1) differed between systems. In the SPS1 system, the
distance between groves was 6 × 6, and the density was 138 trees ha−1. By contrast, a
higher density was observed in SPS2, which had 312 trees ha−1 (distance between groves:
4 × 4; Table 4).
Table 4. Predominant species of trees found in silvopastoral systems evaluated with guinea grass.
Treatments
Item Control SPS1 SPS2
Tree distance - 6 × 6 4 × 4
Density tree/ha−1 - 138 312
Species Monoculture of guinea grass
Zanthoxylum riedelianum Zanthoxylum riedelianum
Cordia alliodora Hevea guianensis
Cedrela odorata Terminalia oblonga
Hevea guianensis Cordia alliodora
Erythrina sp. Gustavia sp.




Source: forest inventory 2016–2019. Elaborated by: authors. SPS1 = silvopastoral systems with guinea grass Panicum maximum cv. Mombaça
managed with fixed fence; SPS2 = silvopastoral systems with guinea grass Panicum maximum cv. Mombaça managed with mobile fence;
and Control = conventional systems with guinea grass Panicum maximum cv. Mombaça as monoculture handled with wire fences.
In general, all paddocks with silvopastoral systems in this region of Ecuador have a
high or low tree density. However, currently, monoculture systems predominate among
the fragile ecosystems in this region. An abundance of scientific evidence shows that
these practices are inefficient, unsustainable, and not environmentally friendly. Another
important focus of our work is the interesting diversity of native species in combination
with other components in silvopastoral systems. Therefore, the silvopastoral system in
combination with the appropriate management of pastures is key to livestock sustainability.
Our results demonstrate that effective planning, management, and execution of these
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practices improve the production yield in a form that is friendly to our resources, resulting
in economic benefits.
3.4. Soil Macrofauna, Physical and Chemical Properties
The results of soil physical and chemical analyses are shown in Table 5. The pH
values were not affected by treatment, season, or their interaction. However, higher
numerical values of OM were found in SPS1 and SPS2 compared with the Control (Table 5).
Macronutrients were not affected by treatment, but we observed increases in the level of the
exchangeable Ca in SPS1. However, nitrogen and phosphorus levels did not vary among
treatments. Potassium concentrations were lower in SPS1 compared with the Control and
SPS2 (Figure 5). By contrast, the T × S interaction affected macronutrients, such as P, Ca,
Mg, and K (p < 0.05; Table 5). The contents of all elements were lower during the LP season
than during the HP season.










loam - - - -
pH 6.2 6.2 6.2 0.04 0.998 0.261 0.467
OM 6.1 5.6 5.0 0.62 0.205 0.554 0.848
Macronutrients
TN% 1.75 1.84 1.77 0.26 0.924 0.327 0.816
P% 0.37 0.33 0.36 0.02 0.533 0.276 0.000
Ca% 2.01 1.95 1.94 0.12 0.768 0.001 0.042
Mg% 0.53 0.51 0.55 0.06 0.710 0.448 0.078
K% 1.97 2.42 2.01 0.16 0.119 0.489 0.037
S% 0.12 0.16 0.22 0.05 0.266 0.406 0.543
Micronutrients
Zn (ppm) 25.45 20.42 27.44 4.6 0.181 0.765 0.347
Cu (ppm) 10.73 11.41 10.42 1.55 0.734 0.100 0.155
Fe (ppm) 26.51 36.46 34.17 12.1 0.595 0.001 0.082
Mn (ppm) 206.9 170.7 177.2 22.2 0.496 0.426 0.094
B (ppm) 1.95 2.24 2.08 0.35 0.856 0.956 0.838
Differences were declared at p > 0.05 and statistical tendency at p < 0.10. 1 Interaction Trat × season.
SPS1 = silvopastoral systems with guinea grass Panicum maximum cv. Mombaça managed with fixed fence;
SPS2 = silvopastoral systems with guinea grass Panicum maximum cv. Mombaça managed with mobile fence; and
Control = conventional systems with guinea grass Panicum maximum cv. Mombaça as monoculture handled with
wire fences. 2 SEM: standard error of the mean.
Micronutrients were not affected by treatment, season, or their interaction, with the
exception of Fe. We found that the season and T × S interaction affected the Fe level. The
Fe levels in the LP season were higher than those in the HP season (48.0 ± 8.9 vs. 16.5 ppm,
respectively).
The soil macrofauna was not statistically affected by treatment, season, or their inter-
action (p > 0.05; Figure 5). However, more individuals (per m−2) were detected in the SPS1
and SPS2 silvopastoral systems than in the Control.
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Figure 5. Soil macrofauna (individuals m−2) found in the different silvopastoral systems with guinea
grass Panicum maximum cv. Mombaça.
4. Discussion
4.1. Agronomic Measurements and Forage Production
In many regions of the world, grasslands provide food and services and are the
basis of farmer livelihood. Therefore, these lands constitute economically important and
ecologically friendly production systems [20]. Panicum maximum is widely used in livestock
systems in the tropical region of Ecuador. This guinea grass has high persistence and
productivity due to its high photosynthetic and water efficiency, and it has high forage
production potential with adequate nutritional value; it is also highly adaptable to different
climate conditions and poor soils [6,22].
Similar plant coverage and height measurements were obtained for all treatments;
however, the values were lower in the monoculture of guinea grass than in SPS1 and SPS2.
Similar data were obtained in the comparison between seasons. Slightly higher agronomic
measurements (plant height and coverage) were observed in the rainy season, but the
Control had lower agronomic values compared with the silvopastoral systems evaluated
in the same conditions.
As reported in [43,44], this species of guinea grass becomes taller when water is
highly available, and its productivity is thus highly dependent on this factor. In [6],
different Panicum cultivars were compared, and the cv. Mombaça was found to have the
greatest height. According to [16], seasonal variations in temperature and water availability
occur during the year. Therefore, this affects the annual forage production and should be
considered in the planning of livestock farms.
We did not find significant effects of treatments on fresh mass (kg ha−1; Table 1).
However, seasonal effects resulted in a statistical tendency (p < 0.10). Greater production
was obtained in the LP season. In [16], similar data were reported in regard to seasonal
effects on the production of fresh mass (kg ha−1), but the levels of production from Panicum
maximum (30,000 kg DM ha−1 year−1) were higher than the measurements in our study
(15,490 kg DM ha−1 year−1). In the present work, higher forage production was recorded
during the LP season (11,757 vs. <10,000 kg DM ha−1 year −1).
Therefore, the cultivar Mombaça is demonstrated to have high potential for cultivation
in areas with a water deficit and high temperatures. In Orellana Province of Ecuador,
despite the low precipitation in the LP season and high evaporation, the growth of Panicum
maximum may be able to yield acceptable forage levels in terms of fresh mass. Furthermore,
silvopastoral systems could contribute to improving the physical and chemical conditions
of the livestock production system and form a system more balanced and stable through
nutrient cycling.
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4.2. Chemical Composition
Forage allows producers to feed livestock at a low cost [45]. The nutritive value of
forage is influenced by chemical composition and digestibility, and for ruminants, protein is
one of the most important elements [43]. However, grasses mature rapidly, and their protein
content falls to very low values as the fiber content rises. Thus, chemical composition has
an influence on forage digestibility and voluntary intake, affecting animal responses [45].
The CP content did not vary among treatments. However, the protein content in the
conventional system was lower than that in the silvopastoral systems, and a statistical
tendency due to seasonal effects was observed. Critical CP values (6.7%) were obtained
in the HP season, potentially because of the large stem/leaf ratio and small number of
leaves, in which CP content is largely concentrated. Furthermore, a large proportion of
mature forage leads to decreases in nutritive quality because carbohydrates accumulate in
the basal part of the stem [34].
Our DM and CP results are similar to those reported by [46–48]. By contrast, in [34,44,49],
greater values of CP were reported in Panicum maximum, ranging from 8% to 15%. However,
this high CP content was due to the use of fertilizer.
The low protein content often found in tropical grasses is an inherent characteristic
of C4 plant metabolism, which is associated with survival under conditions of low soil
fertility [43]. Therefore, the CP content of guinea grass (Panicum maximum) was better when
it was cultivated under silvopastoral systems compared with the conventional system
in both seasons evaluated. Moreover, critical CP values (<7%) were measured in the HP
season; according to [46,50], low CP values might depress animal intake. Our hypothesis
is that forest components in the paddocks recycle nutrients from deeper soil layers and
enhance soil fertility. Therefore, this might explain why Panicum maximum had moderate
CP content despite the lack of fertilizer. However, the contents were markedly higher
under the silvopastoral systems than in the conventional monoculture system.
4.3. Stocking Rate, Herbage Allowance, and Animal Responses
Cattle typically prefer leaves and green herbage to stems and senescent tissue, respec-
tively. Guinea grass (Panicum maximum) cultivated under different silvopastoral systems
was affected by the season. Contrary to [34], the results of our study were improved
in the dry season in comparison with the rainy season, although a greater growth rate
was observed in normal conditions in the HP season due to soil temperature and high
moisture. We surmise that the soil structure is related to the grade of water infiltration,
which can cause water puddling and limit the growth of pastures [5]. By contrast, in the LP
season, guinea grass was highly water efficient, as indicated by higher mass (DM kg ha−1).
Additionally, other processes such as biological N2 fixation and recycling from legume
trees may have contributed to this result [28].
In our study, we observed a greater stocking rate in the silvopastoral systems compared
with the conventional system, as shown in Table 3 (0.7 vs. 0.3 AU ha−1, respectively), and
the data show a strong relation between total usable mass (DM kg ha−1) and stocking
rate. The results in [28] were different from ours. As noted in [30], a low stocking rate
does not harm planted trees. In general, as the stocking rate increases, the individual
animal performance decreases [20]. Therefore, the stocking rate has a large impact on the
performance of grazing livestock [40]. The Society for Range Management (1974) defined
stocking density as the relation between the number of animals (AU) and the area at a
given time point [28,38,40].
There is a positive correlation between animal performance and herbage allowance [28,40].
In this study, treatment effects resulted in statistically significant differences (p < 0.05). In
this case, herbage allowance values were greater in the conventional system in comparison
with those in the silvopastoral systems (0.62 vs. 0.25 kg DM kg LW−1; Table 2). However,
seasonal effects did not result in statistically significant differences. We observed that herbage
allowance was higher in the HP season than in the LP season. According to [5,20,38,40,45],
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herbivores are highly effective in selecting food of higher nutritive value, and thus, intake
is lower when herbage allowance is high and nutritive value is low.
Our hypothesis is that, in general, in the management of a conventional silvopas-
toral system, the forage quality of pastures decreases as a result of forage maturity and
senescence [51]. Therefore, herbage allowance has been defined as the amount of available
forage per animal in a point-in-time measurement [28,38,40]. Thus, forage allowance can
be a powerful tool for explaining differences in animal performance [40]. In our case, this
explains the high values obtained for the guinea grass (Panicum maximum) cultivated under
the conventional system.
Forage mass, herbage allowance, and forage nutritive value can lead to average daily
gain (ADG) variations of 50%–90%, depending on the specific conditions [7,20]. The average
daily gain obtained under the conventional system in this study was similar to that reported
by [28] (0.465 kg AU−1 d−1) in grass monocultures; this ADG is above the typical values
reported for animal performance in signalgrass pastures (0.350 kg AU−1 d−1). As reported
in [20], production from grazing animals depends on the provision of pastures during
seasonal fluctuations within and between years.
Therefore, the management of guinea grass (Panicum maximum) under silvopastoral
systems produced better animal responses relative to the conventional system (+49%, rang-
ing from 0.612 ± 0.02 to 0. 732 ± 0.02 kg AU−1 d−1; Table 3). Contrary to our study, the
authors of [28] reported lower daily gain in the dry season (0.3 kg vs. 0.6 kg AU−1 d−1),
whereas we recorded greater daily gain in Panicum maximum in the LP season in compar-
ison with the HP season (0.658 ± 0.02 vs. 0.543 ± 0.02 kg AU−1 d−1). Regarding these
discrepancies, our theory is that the soil properties might be related to and have a strong
influence on the productivity of guinea grass under silvopastoral systems.
The results for the above-described factors are coherent with the data on gain per area
(GPA). As we anticipated, conventional systems were less efficient. Therefore, the animal
performance under this condition is critical from productive, socioeconomic, and ecological
points of view. The silvopastoral systems had better GPA values when compared with the
conventional production system (average 24.82 ± 0.03 vs. 4.60 ± 0.03 kg LW ha−1 d−1).
Furthermore, these results might be comparable to those reported by [28] (30 kg live
weight ha−1 28 d−1). We achieved average annual gains of 266 kg ha−1 in silvopastoral
systems (SPS1 and SPS2) in comparison with 46 kg ha−1 in the conventional livestock
system in this region of Ecuador. In addition, the season had a strong influence on animal
performance. We observed that the GPA was better in the LP season than in the HP season
(i.e., 33.34 ± 8.9 vs. 5.23 ± 4.1 kg ha−1). All of these results involving animal responses
reflect the markedly complex interactions in silvopastoral systems. The potentially higher
productivity could be due to the capture of more resources for growth (i.e., improved soil
fertility), maintenance of organic matter, and physical properties. Soil fertility is crucial for
global food security and environmental sustainability.
On the basis of our results, we conclude that silvopastoral systems in this region are
characterized by the maintenance of native tree species and varying densities in paddocks,
distributed as dispersed trees at different distances. In SPS1, the spacing between groves
was 36 m and the tree density was 138 h−1, while in SPS2, the respective values were 16 m
and 312 tree h−1.
Independent of the distances between groves, forestry might help to reduce solar
radiation and temperature and increase water use efficiency [19]. This may explain why
higher biomass was obtained in the LP season than in the HP season regardless of treatment.
However, the results in [1] suggest that the distance between trees in silvopastoral sys-
tems might affect physicochemical soil properties and macrofauna abundance. By contrast,
in our work, the forestry component resulted in marked differences from the conventional
system and produced better agronomic measurements, biomass, and animal performance.
Moreover, in this study, we observed that guinea grass (Panicum maximum) was highly
shade-tolerant under silvopastoral systems. Finally, we aim to highlight the importance
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of adopting more efficient production methods to convert traditional cattle systems to
eco-friendly systems that integrate silvopastoral components.
4.4. Soil Macrofauna, Physical and Chemical Properties
Ample scientific evidence supports the crucial role of silvopastoral systems in pro-
viding numerous benefits and ecosystem services [1,17,19,30,33]. According to [52], forest
ecosystems are estimated to absorb up to 3 Pg of carbon (C) annually. Therefore, the pres-
ence of the forestry component is key to producing changes in the microclimate, improving
the soil structure, and supplying nutrients to a production system.
Several studies have described multiple relationships between pastures and soil
biota [1]. Isolated trees in several ecosystems can contribute to the accumulation of soil
organic matter (SOM), carbon (C), and essential nutrients, such as nitrogen (N) in soil [53].
Evaluation of the guinea grass (Panicum maximum) under silvopastoral systems revealed
numerical differences between treatments. The pH and OM values varied, but significant
differences were not detected (p > 0.05). Therefore, the incorporation of legumes, shrubbery,
or trees into pastures may improve the physical and physiological characteristics of soil and
increase the biodiversity parameters within a silvopastoral system. In the quantification
of biomass (fresh mass kg ha−1), we observed enhanced plant productivity and better
stocking rates depending on the season.
Few changes in soil macronutrients were found between treatments, with the ex-
ception of Ca and K. We identified a seasonal effect in the silvopastoral systems (SPS1
and SPS2), which had better Ca content in the LP season in comparison with the HP
season. Similar results were reported in [29,54], in which soil was evaluated in a tropical
climate, and high levels of Ca were frequently measured in agroforestry systems. Sim-
ilarly, we measured lower K levels in silvopastoral systems when compared with the
conventional system.
Conventional monoculture systems are typically characterized by high levels of K.
Therefore, practices that combine forest components with pastures can promote the avail-
ability of nutrients in the soil [55]. Furthermore, we suggest that pastures be grown only
with grasses during the early stage of development (first 3 years) to prevent the depletion
of soil nutrient reserves by fast-growing plants. In this study, we observed acidic soil pH in
all treatments, but the Fe values were lower in the silvopastoral systems compared with
those in the conventional silvopastoral system. This finding might be explained by the
synergy between pastures and forest components in production systems, specifically in
this region of Ecuador.
Another important factor is the soil structure, which contributes to the dynamics of
organic matter and nutrient cycling as well as other properties, such as porosity, com-
paction, and water retention [29]. Soil structure has been defined as the size, shape, and
characteristics of soil particles, aggregates, and pores across the size range from nanometers
to centimeters [56]. We established two main types of soil structure: the Control, with
sandy loam soil, and SPS1 and SPS2, which have silty loam soils. According to [57], the
soil structure and texture influence soil water flow, availability, and storage.
The key to understanding why higher values were obtained in the season with lower
precipitation (LP) for nearly all evaluated parameters might therefore be as follows. We
performed observations in the experimental period during two seasons (HP and LP). In
the HP season, the water flow is low; in other words, the water infiltration is slow, and we
observed that an average of 3 days is needed for the water to drain. Sandy loam soil has a
high rate of pluviometry puddles or frequent runoff, at which point the laminar erosion is
extremely low.
Although guinea grass is characterized by high tolerance to extreme conditions,
which are typical in tropical climates, we cannot rule out the possibility that conditions
in the HP season lead to water stress [57], despite its association with greater water use
efficiency [58,59]. By contrast, in the LP season, we observed that guinea grass is more
efficient in periods of hydric deficit. In [6], the authors confirmed that the cultivation of
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guinea grass (Panicum maximum) may be possible in areas with marked water deficit and
high temperatures. Thus, the soil structure might affect water use and efficiency, depending
on the season of the year, and influence root distribution and the ability to take up water
and nutrients.
The authors of [1] found a positive relationship between biomass production and
soil macrofauna abundance, which indicates the importance of this key plant functional
group. In [57], soil macrofauna enhanced aeration, porosity, infiltration, and aggregate
stability. In our study, we demonstrated the importance of silvopastoral systems. In a
comparison between silvopastoral systems and the conventional livestock system with
only monoculture pastures, we observed differences in the number of individuals per m2.
According to [29], the soil in deforested areas, such as conventional systems, generally
affects communities of soil macrofauna. By contrast, a high density of trees improves
environmental and feeding conditions. Therefore, a higher abundance of macrofauna can
facilitate enhanced biomass production or diversify substrates for the roots of pastures.
5. Conclusions
The guinea grass Panicum maximum exhibited different behaviors according to weather
conditions and management practices, and better results were obtained when it was
managed under silvopastoral systems. Another important finding to highlight in this
work is that a strong seasonal effect was identified. Thus, this type of system should be
considered during the planning of grazing frequency. Accordingly, the animal responses
obtained from this study confirmed that the use of environmentally friendly technology
is more sustainable for improving production systems in this tropical region of Ecuador.
Importantly, we highlighted that practices involving a conventional grass monoculture
cause the rapid degradation of natural resources and raise pressure on the forest. Thus,
the appropriate grazing management of guinea grass (Panicum maximum) in combination
with silvopastoral systems results in additional ecosystem services when compared with
grass monoculture.
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